teurizers (1) .
If these various precautions are not sufficient to produce a satisfactory steam supply, the alternative is the production of culinary steam from potable water, using the unsatisfactory primary steam supply as a source of heat. The 3A recommended practice just referred to includes a sketch of the recommended location of the parts necessary for such an installation.
The other alternative in cases of unsatisfactory steam supplies is to accomplish UHT treatment with indirect heat exchanger only. This is the only system possible where direct steam injection is specifically prohibited.
In summary changes during UHT sterilization or subsequently in addition to bacterial destruction may include: a) several kinds of flavor changes, b) alkaline phosphatase reactivation, c) serum protein denaturation, d) fat agglomeration and solids destabilization, e) freezing point depression (direct steam injection and deaeration), f) possibility of adulteration with condensate and boiler compounds (direct steam method), and g) partial loss of some vitamins may or may not occur.
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Kinetics of Bacterial Destruction
A primary function of ultrahigh temperature (UHT) processing of milk is to obtain essentially a sterilized product. The product should have a shelf life of some months and need little or no refrigeration. The attainment of successful sterilization of a food usually involves determining whether or not a range exists between thermal processing requirements needed for killing microorganisms and the production of intolerable changes in the food.
The killing of bacteria by heat has generally been accepted to follow characteristics of a first order reaction, the concentration of viable cells decreasing logarithmically with increments of time (10) . Recent data indicate that apparent deviations from logarithmic death may be observed. For example, at the start of the heating period the rate of death may be low and not constant. Thereafter, and for the greater part of the lethal treatment, death does occur at a constant rate. The rate of death then may decrease.
The sigmoid shape of the survivor curve complicates efforts to predict the attainment of a minimum population after a given heat treatment. In any event, there is merit in having as few spores as possible in the raw product. For the fewer spores there are to be killed, the fewer will survive the treatment and the larger will be the volume of product that contains a single survivor. In turn, this results in increasing the number of individual pack-ages that can be expected to be free of any survivors.
Con~mercial sterility. The resistance of spores and the susceptibility of milk components to heat would appear to present a frustrating dilemma to the milk industry. Research now indicates that factors may be at work which are favorable to the dairy industry. At the same time, some changes may be necessary in our concept of the need for absolute sterility in a marketable and wholesome sterilized milk. The canning industry and regulatory agencies have long accepted foods that possess commercial sterility--i.e., the absence of pathogens and proliferating spoilage bacteria.
The primary purpose of sterilization is the extension of the storage time for food during which the product maintains its original qualities; at least in a condition suitable for consumption. One then must question the necessity for the absolute absence of microbial life in milk to attain this objective.
There is growing evidence that milk can be stored for long periods of time without refrigeration, even while containing viable spores that do not germinate during the storage period. Since such unnoticed survivors have probably been present in numerous foods that have been consumed by humans (young and old) for years without ill effects, their presence in foods may be viewed with little or no concern. At the same time, reasons for their presence and causes of their inactivity should be understood.
Fate o/ ceq°tain spores in sterilized milk. Research indicates that bacterial spores may experience a state of injury prior to their death (5). This state is manifested by the spores requiring more exacting nutritional or cultural conditions for germination and growth into vegetative cells. For a short period after the heating, some of the injured spores were able to recover (Fig'. 1 ). But the number of viable spores decreased over extended storage. Certainly the industry must recognize the potential dangers in the presence of injured microorganisms, particularly with respect to increased difficulties involved in their detection. Also their recovery may be a potential hazard. However, for many species, there seems to be an unfavorable environment in UHT treated milk for the germination and outgrowth of injured spores.
Fortuitous environmental factors may also have an important role in the preservation of UHT treated milk, particularly in view of the likelihood that survivors will be present. Probably Bacillus stearothermophilus spores are the most heat resistant type that may be pres- While certain severe heat treatments may alter the protein sufficiently to eliminate this effect, such is not the case with treatments used in UHT processes. This inhibitory action probably has a marked preservation action on milk that is stored at high temperatures owing to the thermophilic nature of B. stearothermophilus. The extent of this activity on spores of other nlicroorganisms is not known at present.
From another standpoint, trouble from surviving spores may be avoided by controlling the storage temperature of the milk. Spores that possess the highest resistance to heat are those from the thermophilic species. Fortunately, it is usually convenient to store milk below the range of 110 to 130 F which is needed for the germination of such spores. Consequently, little trouble can be anticipated from the presence of a viable thermophilic spore if it should be present in commerciallysterilized milk.
The foregoing comments would suggest that sterilization of milk has most of the related environmental or ecological factors favoring success for industry's efforts. However, such is not the case. One example of the bacterial spore's potential to resist harmful agents is its ability to adjust to a high environmental temperature. Research in our department has confirmed that exposure to sublethal temperatures can invoke a protective response to lethal UHT treatment of the spore (Fig. 2) . This has been termed heat adaptation by Alderton and co-workers (1). The acquisition of added heat resistance could be avoided by storage of the spores at low temperatures, and then equilibrating to lethal temperatures instantaneously. Research in our laboratories indicates that UHT treatment in milk by steam injection avoids the development of this protective response in the spores by minimizing the time of exposure to elevated temperature necessary for inactivation.
Packaging Sterilized Milk
The packaging of sterilized milk has presented microbiological problems that can easily be solved if cost can be ignored. However, the real challenge is encountered in maintaining complete asepsis in packaging. Accomplishing this at a cost that permits the final product to be purchased at a competitive price is still restrictive.
The ideal sterilization procedure, from a microbiological viewpoint, would involve treatment of the product in the final package. This is not possible, for the present at least, since the heating and cooling cycle for UHT processes cannot be performed quickly enough to avoid the induction of undesirable chemical changes in the milk. Consequently, all of the lines, storage tank, packaging equipment, and the package itself must be sterilized and be maintained in such a condition during the postUItT handling of the product.
The Dole packaging process has accomplished aseptic packaging quite acceptably. Metal packages have advantages for distribution and storage of sterile milk. Also they lend themselves to sterilization by heat, which remains the sterilizing agent of choice in the food industry. Economic factors may limit its adaptability in certain markets. Paper containers, fortified with barriers to prevent photooxidation and contact of the paper by the milk, have been offered to the industry to offset some of the objections that have been made to metal containers. Microorganisms on this material must be killed with agents other than heat. ttypochlorite and hydrogen peroxide have been used on the surface of the paper that will be in contact with the milk. Exposure to ultraviolet light following the hypochlorite treatment, and momentary high temperature to eliminate residual hydrogen peroxide have been adjuncts to the chemical bactericides. These treatments have been used successfully when careful attention is given to proper maintenance and operation of the packaging equipment. The relative susceptibility of paper to damage during shipping and storage imposes new demands on crating practices, especially for containers to be shipped long distances by multiple carriers. These, too, are not insurmountable, but will have an impact on the cost of the product to the consumer.
There is no reason to doubt that many combinations of bactericidal treatments can be made to adapt to different types of containers and filling procedures.
Surveillance of Sterilized Milk
Since technological expertise can be expected to produce sterile milk with only an occasional spore being present, the regulatory control of sterilized milk can be expected to follow regimes quite different from those used for Grade A pasteurized milk. First of all, the few survivors that may be present would necessitate the examination of large volumes before they could be detected. Therefore, examination of the product must be limited to a statistically sound sampling procedure that establishes the satisfactory microbiological condition of the product.
Li~itations of usual microbiological testing. The procedures used to establish sterility are extremely demanding. Complete asepsis is essential since the entrance of a single contaminant during sampling could condemn a large volume of milk. Next, one must establish the volume of the packaged product that must be tested. The manner in which this volume is examined is also important. Plating is much too cumbersome to be practical or accurate. The inoculation of a broth enrichment medium would impose strict requirements for asepsis. The incubation of representative packages from a given lot at different temperatures to encourage growth of survivors may be used. But here, one must establish the requisite number of units to be examined for reliable results. Furthermore, indications of presence of survivors may not readily be apparent in the package of UHT treated product since survivors may be injured, or find the milk unfavorable for growth.
Role of ra4v product. Probably the control of the public health quality of UHT treated milk may be best accomplished by the proper surveillance of the raw product. The absence of toxins, chemical residues, and the presence of a low number of bacteria, including spores, may be the most realistic means for ensuring the quality of a product that is to be sterilized by a properly engineered process. The consuming public, as well as regulatory agencies, realize that it is not reasonable to reject a product just because a rare package has spoiled due to the growth of an adventitious survivor or contaminant The occasional encounter of such spoilage has not caused the public to reject canned foods when it is assured that all reasonable care is exercised in the production of the food.
Exposures for Satisfactory Sterilization
Model test cultures. In order for the industry to obtain a sterile milk that can meet any reasonable goal for freedom from surviving spores, research enables us to make reasonably accurate predictions on the heat treatments necessary for the success of certain UHT processes. Our investigations of the effects of UHT on three model spore systems indicate that the inactivation characteristics differ considerably from those previously observed at lower lethal temperatures (4, 6) . In our system, spores from Putrefactive Anaerobe (PA) 3679 displayed an extremely high z, value (35 F). If our data were extrapolated into the UHT processing temperature range, these spores are the type that would determine the requirements necessary for a satisfactory process (Fig. 3) . Therefore, let us adopt this high z value for use in calculating requirements for a UHT process. In predicting the heat treatment for the process we certainly could agree that even under very poor conditions one would expect no more than 1000 spores/ml in raw milk. Let us assume that an F value of 12 D values is desired for a given UHT treatment (i.e., it is desired that the treatment reduce the population through 12 log cycles or the 1000 to 1 × 10 -9 spores/ml). Now if we select the D value of 0.285 sec at 3008 F (Fig. 3) , which is the time required to kill 90% of a population of PA 3679 spores, then .285 × 12 ----3.4 seconds. Such a treatment would be sufficient to allow only one of the original 1000 spores/ml to survive in one million quarts. Or, if the time were extended to four seconds, tile population would be reduced through 14 log cycles. This would pernfit one survivor per 100 million quarts. A 3-to 4-second exposure at 300 F is reasonable for practical operations. The foregoing is an expected microbiological accomplishment of such a treatment.
Exposures for anaerobic spores. The rare survivor in a UHT treated milk may lead to a consideration of whether or not spores of Clostridium botulinum may be expected to survive UttT processes currently being proposed. Figure 4 presents some of the information available on the inactivation of Putrefactive Anaerobe 3679 spores. This organism often is selected as a test culture for thermal 3 The Centigrade scale is not used because there is overwhelming precedence for using the Fahrenheit scale in expressing D values and Z values. process evaluations because the heat resistance of the spores is similar to, but greater than, that of C. botulinum spores• According to National Canners Association (NCA) laboratory m~nual (12) , a population of 10,000 spores of PA 3679 should survive a heat treatment of 12 to 14 minutes at 240 F but not survive 13 to 15 minutes at the same temperature. From this definition one can estimate a D value of 180 seconds at 240 F (900 seconds to inactivate 10 ~ organisms 5 D's) and this point is shown in Figure 4 . The data of Segner, Frazier, and Calbert (9) obtained with PA 3679 spores heated in 3:1 milk concentrate are extrapolated to 290 F using a zD of 20 F. The data obtained by Esselen and Pflug (7) for PA 3679 spores heated in carrots over a range of temperatures from 250 to 290 F also are presented for comparison. None of these workers observed the extremely high z. value of 35 F reported by Busta (4) .
The significance of these data have interesting applications to the safety of UttT treatments of milk. The D~oo ~, value of 0.285 second appears to be reasonably accurate for PA 3679. If the usual 12 D values were used for a process, then an exposure at 300 F would be 3.42 seconds (12 × 0.285 second). This would be well above the requirements for destruction of spores o£ C. botulinum described in the literature. Note the extrapolation of the classical data of Townsend, Esty, and Baselt (11) into the range of higher temperatures, i.e., F 17.6 F 250 F ]7.6 F ----2.45 min~ 12 D = D 250 F = 12.25 seconds.
If unusual z values, as we have reported, were encountered among spores in nature, problems then could be expected. The success with present UHT processes, in the range of 300 F for four seconds would indicate that the calculated safety factor actually is operative. Nevertheless, our observations of several unusual thermal inactivation characteristics of the UHT process, such as the 35 F z, value for PA 3679, have alerted us to advocate testing of basically different UttT processes to be assured of their public health safety.
